undertones, the ability of an animal to covertly signal to members of the same species without being detected by other animals (such as predators) can be highly advantageous for many aspects of its natural history, particularly in sexual interactions [1, 2] . A rather striking example of covert signalling -in this case visual -is found among the deep-sea dragonfishes (Family Stomiidae). These remarkable fish have the very unusual ability to both produce and see far-red bioluminescent light (of wavelength beyond 700 nm), a light that is invisible to essentially all other deep-sea creatures, including their major predators [3] . Although nowhere near as rare, another channel for covert visual signalling involves polarised light: Nature's rarest (and thus most covert) form of such signalling -using circularly polarised light -was recently shown to provide an important visual signal for stomatopod crustaceans [4] . Now, signalling using circularly polarised light has also been discovered in an insect [5] .
The polarisation properties of light arise from its electromagnetic nature: the plane of polarisation of a light wave is defined as the plane in which its electric field wave (or e-vector) oscillates. Most sources of light (both natural and artificial) emit an immense number of such electromagnetic waves, and commonly these waves are collectively plane unpolarised: the planes of polarisation of individual waves are randomly distributed in the light beam. For this reason, direct sunlight is unpolarised. Nevertheless, sources of linearly polarised light are not uncommon in Nature. For instance, light reflected at a certain angle from glossy surfaces -such as bodies of water or shiny leaves -is strongly linearly polarised in a direction parallel to the surface [6] . Linearly polarised light is also produced by scattering, and as a result most natural scenes (which includes the sky) contain an abundance of this light [7] . A clear sky is linearly polarised in a pattern that depends on the position of the sun or moon [6] , and this pattern also produces linearly polarised surface light at shallow depths underwater [8] .
Although most invertebrates have the potential to see linearly polarised light -due to the unique microvillar structure of their photoreceptive membranes -the great majority of vertebrates (including ourselves) lack this ability. And herein lies its covert nature -even while remaining perfectly camouflaged from vertebrate predators, an invertebrate can use a linearly polarised light signal (reflected from the integument) to openly communicate with others of the same species. Cuttlefishes [9] and butterflies [10] provide excellent examples of invertebrates that use linearly polarised light signals in such conspecific interactions.
Linearly polarised light is used not only for covert signalling. Many animals also rely on it as a compass cue in navigation, to detect bodies of water from the air, for assessing the quality of leaves prior to oviposition, to cut through haze, to enhance visual contrast or to break the camouflage of transparent animals underwater (reviewed in [6] ).
Linearly polarised light is thus used by a wide variety of animals for a great number of tasks. This, however, cannot be said of a much rarer form of natural polarised light, namely circularly polarised light. Whereas for linearly polarised light the e-vector oscillates uniformly in one plane and the two perpendicular components of the electric field wave are in phase, in circularly polarised light the e-vector rotates as the light wave propagates. This rotation results from the fact that, in circularly polarised light, the two electric field components are of the same amplitude and 90 out of phase (that is, by a quarter of a wavelength). As a result of their helicoidal microstructures [11, 12] , certain materials, such as the cuticles of some arthropods, induce this phase shift upon reflection, and depending on whether the rotations of the reflected e-vectors are clockwise or counter-clockwise, either right or left circularly polarised light can be produced (respectively). Elliptically polarised light is a coherent combination of linearly polarised and circularly polarised light, where the two electric field components are of unequal amplitude and the phase difference is neither 0 nor 90 . The colourful iridescent cuticles of many scarab beetles have long been known to reflect (mostly left-) circularly polarised light ( Figure 1A -C) [11] [12] [13] [14] . But despite the speculations of many visual ecologists over the years, its visual and behavioural functions (if any) have, until very recently, remained elusive. Two years ago, however, circular polarisation vision was discovered in a mantis shrimp (or stomatopod) -not only does the cuticle of this species reflect circularly polarised light ( Figure 1D ,E), this crustacean is also able to visually detect it and to react to it behaviourally [4] . A new study [5] has now shown that a brilliantly coloured iridescent beetle, the jewel scarab Chrysina gloriosa, also has this ability.
Brady and Cummings [5] relied on the phototactic responses of jewel scarabs to test their ability to see circularly polarised light. Phototaxis is the innate tendency of many insects to move towards light (or away from darkness). A flight arena was constructed containing three sources of light of equal intensity (as measured with a light meter), and chosen from the following four types -unpolarised, linearly polarised, left circularly polarised or right circularly polarised. Even though, for our eyes, all three light sources will appear identically bright, this will not be the case for an insect able to see linearly or circularly polarised light (compare, for instance, Figures 1A and 1C) : the polarised stimuli will most likely appear dimmer than the unpolarised stimulus, and thus phototactically less attractive. Indeed, when allowed to fly unhindered within a flight arena equipped with two light sources containing left circularly polarised light and right circularly polarised light, and a third containing either unpolarised or linearly polarised light, jewel scarabs were least attracted to the right circularly polarised source, followed by the left circularly polarised source and then the linearly polarised source. The unpolarised source was always the most attractive, even when it was up to 19% dimmer than any of the polarised sources. Thus, because jewel scarabs can behaviourally differentiate between equally intense light sources on the basis of their polarisation properties alone, this is a strong indication that these beetles can see circularly polarised light.
What is still unknown is how jewel scarabs detect circularly polarised light, and what role it plays in their natural history. Is it for instance possible that jewel scarabs detect circularly polarised light in the same manner as stomatopods? In stomatopods of the genus Odontodactylus, the responsible mechanism is a remarkable arrangement of the eight individual photoreceptive structures (the rhabdomeres) in the ommatidia of rows five and six in the eye's mid-band ( Figure 1F, left) [4] . These rhabdomeres, because of their strictly aligned microvilli, are intrinsically sensitive to linear polarised light, and together they form the light-sensitive rhabdom. Four of these photoreceptor rhabdomeres (R2, R3, R6 and R7) contribute to the rhabdom with their microvilli aligned in the same direction (0 ), and three (R1, R4 and R5) contribute with their microvilli aligned in the perpendicular direction (90 ). R8, with an uncharacteristically long rhabdomere that sits on top of the other seven, has its microvilli aligned at 45
, the exact orientation and morphology required to act as a quarter wave retarder. This retarder converts incoming circularly polarised light into linear polarised light that can be detected by the underlying photoreceptors R1-7 ( Figure 1F, right) . If the incoming light is left circularly polarised, R8's retardation results in linearly polarised light with an orientation that maximally stimulates R2, R3, R6 and R7 (which thus have left-circularly-polarised light sensitivity), but if the incoming light is right circularly polarised, R1, R4 and R5 are maximally stimulated (which thus have right-circularly-polarised light sensitivity). Thus, via this remarkable mechanism, stomatopods can both see and react to circularly polarised light.
Whether jewel beetles employ a similar mechanism remains to be seen. Another interesting question for future investigation concerns the role of circularly polarised light in their behaviour. Nevertheless, the fact that both crustaceans and insects are now known to detect circularly polarised light suggests than this type of light has played an important role in the evolution of animal signalling, in this case in the evolution of covert signals that are seen by conspecifics but are invisible to potential vertebrate predators. [4] .) (F) A schematic diagram of a rhabdom from a row 6 ommatidium in the midband of the compound eye of the stomatopod Odontodactylus (left), showing the distal placement of the R8 rhabdomere that acts as a quarter wave retarder that converts circularly polarised light (red spirals) into linear polarised light that is detected by the underlying rhabdomeres R1-7 (right). The handedness of the underlying R1-7 cells is determined by their microvillar orientations in the rhabdom (green arrows). (Adapted with permission from [4] .)
